CRISPR/Cas9-mediated targeted mutagenesis in Nicotiana tabacum.
Genome editing is one of the most powerful tools for revealing gene function and improving crop plants. Recently, RNA-guided genome editing using the type II clustered regularly interspaced short palindromic repeats (CRISPR)-associated protein (Cas) system has been used as a powerful and efficient tool for genome editing in various organisms. Here, we report genome editing in tobacco (Nicotiana tabacum) mediated by the CRISPR/Cas9 system. Two genes, NtPDS and NtPDR6, were used for targeted mutagenesis. First, we examined the transient genome editing activity of this system in tobacco protoplasts, insertion and deletion (indel) mutations were observed with frequencies of 16.2-20.3% after transfecting guide RNA (gRNA) and the nuclease Cas9 in tobacco protoplasts. The two genes were also mutated using multiplexing gRNA at a time. Additionally, targeted deletions and inversions of a 1.8-kb fragment between two target sites in the NtPDS locus were demonstrated, while indel mutations were also detected at both the sites. Second, we obtained transgenic tobacco plants with NtPDS and NtPDR6 mutations induced by Cas9/gRNA. The mutation percentage was 81.8% for NtPDS gRNA4 and 87.5% for NtPDR6 gRNA2. Obvious phenotypes were observed, etiolated leaves for the psd mutant and more branches for the pdr6 mutant, indicating that highly efficient biallelic mutations occurred in both transgenic lines. No significant off-target mutations were obtained. Our results show that the CRISPR/Cas9 system is a useful tool for targeted mutagenesis of the tobacco genome.